Two experiments were carried out to evaluate the effect of incrementa/levels of Gliricidia sepium (gliricidia) and Leucaena leucocephala (leucaena) on forage intake, diet apparent digestibility, microbial nitrogen supply and live-weight changes in cattle. In each experiment, 20 intact and five fistulated crossbred steers (Bos taurus X 80S indicus) were used. Napier grass basal diet was offered ad libitum alone or supplemented with 7.5, 15, 22.5, or 30 g dry matter (DM) per kg metabolic body weight (MO75) gliricidia (experiment 1) or leucaena (experiment 2). In experiment 1, total DM intake increased but not significantly with gliricidia supplementation (5.2,5.1,5.2,5.4, 5.7 (s.e.d. 0.21) kg/day) while intake of napier grass was depressed linearly (5.2, 4.7, 4.5, 4.3, 4.2 (s.e.d. 0.21) kg/ day; P < 0.05). In experiment 2, supplementation with leucaena increased the total DM intake linearly without depressing the intake of napier grass (5.2, 5.8, 6.2, 6.6, 6.7 (s.e.d. 0.31) kg/day; P < 0.001 and 5.2, 5.3, 5.3, 5.3, 5.0 (s.e.d. 0.21) kg/day respectively). Neither gliricidia nor leucaena supplel1lentation affected the apparent digestibility of the diet or in sacco DM degradation characteristics of the forages. Rumen ammonia and live-weight gain were increased linearly (P < 0.05) by supplementation from 130 to 215 mg/l (experiment 1) and 75 to 113 mg/l (experiment 2), from 306 to 478 g/day (experiment 1) and from 538 to 850 g/day (experiment 2), respectively. However, since the responses were linear, further experiments are required to quantify the responses to higher levels of these legume supplements.
Introduction
In tropical regions, grass forages grown with minimal application of fertilizers are generally low in nitrogen (N) and digestible organic matter (Leng, 1990) . Cattle offered such forages are therefore unlikely to consume adequate nitrogen for efficient rumen digestion and resultant intake and animal performance, particularly for dairy production, will be low. Protein supplementation of grass diets containing less than 70 g crude protein per kg dry matter (DM) has increased DM intake and animal performance (Minson and Milford, 1967) . A wide composition was uniform. Gliricidia forage was harvested after 8 weeks regrowth, while leucaena foliage was harvested from mature plants (flowering stage). Five amounts of gliricidia (experiment 1) or leucaena (experiment 2) were offered: 0, 7.5, 15, 22.5 or 30 g OM per kg metabolic body weight (Mo.75).
Experimental procedure and design
The napier grass was offered twice or three times daily to ensure constant availability of fodder. Food refusals were weighed in the morning before fresh forage was offered. Animals with refusals of less than 5 kg fresh weight were offered 5 kg more forage than the total amount offered the previous day. The leguminous forage was offered daily at 06.00 h and 15.00 h in two equal parts by weight. The forages offered were sampled for OM determination once per week. The live weights recorded at the end of each week of the experiment were used to calculate the amount of legume forage to be offered during the subsequent week. Water and a mineral lick which contained 189 g Ca, 110 g P, 130 g Na, 4 g 5 and 1.6 g Cu per kg, were on offer at all times. The five diets were offered in a randomized design for the 20 steers, i.e. four animals per treatment; measurements were recorded for 7 weeks. The same experimental diets were offered in a 5 X 5 Latin-square design to the five steers fitted with rumen cannula; each period of the experiment consisted of a 10-day adaptation and a 4-day data collection period. Rumen pH, NH) and in sacco degradation To determine the in sacco degradation characteristics of the forages,S g of dry sample milled through a 3.5-mm screen were placed in nylon bags (140 X 75 mm, pore size 40 to 60 ~m). During the last 4 days of each period, nylon bags in duplicate containing napier grass and gliricidia (experiment 1) or leucaena (experiment 2) were placed in the rumen. The bags were removed after 6, 12, 24, 48, 72 , and 96 h and stored in a freezer. The Q-h measurement was obtained by soaking the bags in warm water (37°C) for about 15 min. At the end of the degradability trial the bags were hand-washed under running water until the water coming out of the bags was clear. The samples were then dried in an oven at 85°C to determine OM disappearance. The OM disappearance values were then fitted to the exponential equation of McDonald (1981) . The degradation curve is described as: within a lag time T, y = A, i.e. the initial washing loss; beyond the time T, y = a + b (1 -r') where a, b and c are degradation constants.
Diets
Napier grass was harvested daily at about 1.0 m height; it was chopped with a motorized cutter to pieces of about 50 mm which limited preferential selection of forage components. Gliricidia and leucaena were harvested daily in the morning for feeding the same afternoon, with some allowed to wilt overnight for the feed offered the next morning. Stems thicker than 50 mm were removed from the legume forages to ensure that the fodder During the last 2 days of about 100 ml rumen liquor 4,6,8, 10 and 12 h after the offered. The pH of the the degradability study,were collected at 0, 1, 2, 3, morning supplement was sample was determined immediately, using a pH stick. The sample was Calculation of PO excretion on spot samples of urine strained using a clean cotton cloth and the liquid was based on the finding of Mejia (1992) , that the fraction acidified with HO acid and stored at -20°C ratio of PO : C was positively related to daily output for later analysis of rumen NH,-N.
of PO.
PD: (C/MO75) = 1.79 X + 4.51 (r = 0.84), Urine and faeces collection The total daily faecal output of the 20 steers were collected by stationing an attendant with a bucket by each animal to collect all excreta voided during the last 7 days of the trial. Similarly, spot urine samples in experiment 1 were collected in a similar manner, between 09.00 and 13.00 h for S days. Daily urine samples were weighed and 100 ml urine were stored in small plastic bottles containing 7 ml10% H2SO4 to give a pH below 3. The urine samples were stored at -20°C to be analysed for purine derivatives (PO) (allantoin and uric acid) and creatinine (C). After recording the weight, a proportion (0.10) of the 24-h faecal collections was stored at SoC. At the end of the collection period the faecal samples were bulked, mixed and a sample obtained for OM and ash determinations. where = X is daily excretion of PD (mmol/ day).
The supply of microbial N entering the small intestine was calculated from MP A using the following factors: digestibility of microbial purine 0.83; and, purine-N : total microbial-N ratio 0.116: 1.00. Thus microbial N supply (g/day) = MPA X 70/0.83 X 0.116 X 1000 = 0.727 X MPA, where 70 is the N content (mg/mmol) of purine (Chen, 1989) .
Analytical methods OM of foods and faeces was determined by drying the sample in the oven at 105°C for 24 h, ash by ashing at 550°C for 8 h, crude protein (CP) by the official methods of the Association of Official Analytical Chemists (1984) and neutral~etergent fibre (NDF) was determined by the method of Goering and Van Soest (1970) . Rumen NH1-N was determined as described by Preston and Leng (1987) . Purine derivatives were analysed according to the method of Chen et al. (1990b) . Microbial purine absorbed (MP A) by the animals was estimated from the daily excretion of PO based on the model described/ by Chen et al. (1990a) . The ratio PO: C (mmol : mmol) concentration in spot urine samples was corrected for metabolic body weight (MO75), since daily creatinine excretion in urine appears as a function of the metabolic weight of the animal. The calculation was made as: PO : C = PO concentration/ (creatinine concentration/Mo-75).
Statistical analysis
Data from the experiments were subjected to analysis of covariance using the General Linear Model (GLM) of the SAS computer package (Statistical Analysis Systems Institute (SAS), 1987). Initial live \\'eight was a covariate in the analysis of OM intake and liveweight changes, the model for which included the effects of breed (0.25 to 0.42 or 0.50 to 0.67 Sahiwal genes) and orthogonal polynomial contrasts to estimate the effect of the level of supplement (Snedecor and Cochran, 1980) . In the analysis of the Latin-square experiment, the effect of diet, period and animal were fitted.
Results
The animals remained healthy throughout the experiment. The chemical compositions of foods used in the experiments are presented in Table 1 . The values given are the means of seven observations. The legume forages had higher OM and CP but lower NDF contents than napier grass. Gliricidia contained relatively more NDF (493 v. 469 g/kg OM) than leucaena forage. In the two experiments, napier grass had similar OM and CP content, but in experiment 1 a higher NDF (753 v. 678 g/kg OM) content. the total DMI was increased but not significantly, by about 0.18 kg/day for every 10 gDM per kg MO7°i ncrement of the supplement. In experiment 2, incremental supplementation with leucaena increased total DMI of the 20 steers (P < 0.001) linearly without affecting the intake of the napier grass ( Table 2 ). The response in total DMI with Table 2 presents daily dry-matter intake (DMI), diet apparent digestibility, and live-weight gain data for experiments 1 and 2. Low acceptability of gliricidia was recorded during the 1st week of the experiment. During the subsequent weeks all gliricidia offered was consumed. While napier grass DMI decreased linearly (P < 0.01) with increased level of gliricidia, absorption and calculated microbial N supply was lowest in the control group, but not significantly increased with gliricidia supplementation. When expressed on the basis of dig~tible organic matter intake (DaMI), the estimated efficiency of microbial N production ranged between 14.6 and 18.4 g N per kg DaMI (Table 5 ) with no statistically significant pattern to the change. guinea grass diets were supplemented with gliricidia.
In other studies, intake and apparent digestibility of mature pangola grass (Minson and Milford, 1967) and rice straw (Pathirana et al., 1992) were increa~ed with legume forage supplementation. However the CP (-36 g/kg OM) contents of the basal diets in their study (Minson and Milford, 1967; Pathirana et ai., 1992) were lower than in this study. Egan (1986) indicated that legume supplements are usually most effective when offered with roughage containing less than 20 g N per kg digestible organic matter because they increase the rumen ammonia concentration by providing rurninally fermentable N. The lack of response in the increase of the basal diet in this study suggests that the CP content of the basal diet (76 and 79 g/kg OM) did not limit the intake and that once the rumen microbial requirements for N had been met, additional high quality forage, in this case leucaena and gliricidia, did not have any stimulating effect on the basal diet.
Discussion I
The effects of gliricidia and leucaena on steer responses are reported in two successive experiments, and the compari~n between the two legumes is only made to facilitate the discussion. The OM and CP content of napier grass used in this study were similar to those reported in the earlier studies at the centre (Muing~ et ai., 1992) . NDF content of napier grass used ~ experiment 2 was lower (678 v. 753 g/kg OM) than napier grass in experiment 1. The legumes had ,a lower NOF content compared with napier grass. Th~ mean CP content of leucaena and gliricidia were 218 and 214 g/kgOM, which is in the range reported in the literature (Topps, 1992 ) but higher CP values in leucaena have been reported (van Eys et ai., ~986; Kamatali et ai., 1992; and Muinga et ai., 1992) . Ji,eucaena used in this stuqy was harvested from ~ture plants which might have resulted in lower N content in these studies. Also the attack by the psyllid may have resulted in forage with a lower proportion of leaflets and therefore lower N content.
The difference in the response of basal diet intake between gliricidia and leucaena supplements on the DMI of napier grass is difficult to explain. It is unlikely that the substitution effect resulting from increasing levels of gliricidia supplement was due to decreased cellulolysis because supplementation did not depress degradability of napier grass. Minson and Milford (1967) indicated that legume forage supplements will have a stimulating effect due to supply of N but a substituting effect due to their 'bulk effect'. Smith and van Houtert (1987) suggested that, when readily consumed, the gliricidia distends the rumen, reducing intake of the basal diet.
Animals in the control group consumed on average 105 and 91 g DM per kg MO.7S per day of napier grass in experiments 1 and 2, respectively. These intakes were above the standard forage intake suggested by Crampton et ai. (1960) . They suggested 80 gDM per kg MO7S as standard forage intake using tropical forages which were !proportionately 0.70 digestible.
In this study gliricidia was readily consumed but also extensively degraded in the rumen, hence the bulkiness is unlikely to have contributed to depressing the intake of the basal diet. Low acceptability of gliricidia has been suggested as a contributing factor towards lower intake (Tjandraatmadja et ai., 1993) due to distinctive odour in the forage. In this study, low intakes of gliricidia were observed during the 1st week of the experiment but thereafter all the gliricidia offered was consumed. The forage was offered some hours after harvesting which allowed it to wilt, eliminating its distinctive odour.
As supplementation with leuc4ena did not depress the intake of napier grass diet, lit led to a significant linear increase (P < 0.001) in total DMI. The increase in total DMI results are consistent with the results of Bonsi et at. (1994) and Muinga et at. (1995) with leucaena supplementation.
Supplementation of gliricidia from 7.5 to 30 g OM per kg Mo.75 depressed the inapier grass intake linearly (P < 0.01) but tended tb increase total OMI. Similarly in the study by van Eys ~t al. (1986) in which gliricidia was offered as a suPl'lement to napier grass, the OM! of napier grass was depressed and total OM! did not increase. These results, however, contrast with those of Ash (1990) , who reported no depression of the basal diet intake when Possibly the relatively higher total DMI with leucaena was associated with faster outflow rate of particulate matter. Retention time of particulate matter has been reduced following supplementatioñ th leucaena (Bamualim et a/., 1984) . The other possible explanation to the increase in total DMI with leucaena might be due to the nature of the legume protein. In sacco N degradation results
In conclusion, for every 10 g OM per kg Mu75 (unpublished data) suggested that, compared with supplement to napier grass diet, the legume forages gliricidia, a smaller proportion of the N in leucaena gliricidia and leucaena increased total OMI by 0.18 was ruminally degraded (B fraction), and this and 0.52 kg/ day, rumen NH3-N by 27 and 11 mg/l, ruminally degradable N was degraded at a slower and live weight by 49 and 96 g/day, respectively. rate. Leng and Preston (1983) indicated that Sincl' animal performance increased linearly, further supplementing roughage with rumen undegradable experiments are required to quantify the response to digestible protein generally results in improvements higher levels of these legume supplements as well as of DMI and this type of protein is more efficiently to evaluate responses to energy-rich supplements for utilized than the rumen degradable protein (0rskov, these napier-legume diets. 1992).
Apparent digestibility of the diet was not increased significantly with either legume supplement, results consistent with those of van Eys et aI. (1986) and Ash (1990) . By contrast, supplementation of rice straw with legumes which comprised proportionally 0.30 of the diet, significantly increased apparent digestibility (McMeniman et aI., 1988) . In agreement with similar studies (van Eys et aI., 1986 and Muinga et aI., 1995) , the DM in sacco degradation of the basal diet remained unchanged with increasing level of either gliricidia or leucaena supplementation.
Rumen NH3-N in the unsupplemented animals was 130 and 75 mg/l in experiments 1 and 2 respectively, and increased linearly and significantly with gliricidia and leucaena, to 215 and 113 mg/l (P < 0-01) respectively at the highest level of supplementation. The difference in NH3-N in the control groups given napier grass with similar CP content could not be explained, but both values were above the recommended 50 mg/l (Satter and Slyter, 1974) for maximum microbial growth. Rumen NH3-N -generated in the rumen may reflect the degradability of N in the legume, implying that the N in leucaena was less degraded than that in gliricidia. Richards et al. (1994) reported that N in gliricidia was degraded faster than in leucaena and that in situ N degradation was greater in leguminous forages than in king grass (napier grass).
Live-weight gains increased linearly (P < 0.05) with incremental supplementation (Table 2 and 3). In both experiments the inclusion of legume with napier grass at proportionally 0.26 of the total OM increased the live-weight gains of steers by proportionally 0.57 compared with that of steers offered napier grass alone. Improved live-weight performance when legumes supplement roughage diets low in N have been reported (van Eys et al., 1986; Ash, 1990; and Mtenga and Shoo, 1990) . The relatively faster gains in experiment 2 could be attributed to higher ruminal tum-over rate ( Thornton and Minson, 1973) , more N (particularly rumen undegradable N) in the form of amino acids, and an increase in total OM!.
